If an HI titre of 48 or less indeed indicates potential susceptibility then the results of this study suggest that people in a high-risk category should be strongly encouraged to undertake a two-dose vaccination schedule annually, especially when a new influenza strain has arisen by antigenic drift, and they should receive their first dose of vaccine within two to four months of the normal seasonal epidemic period. It may be fallacious to judge the effectiveness of a vaccine in terms of antibody persistence within a population by the height of geometric mean HI titres. Such titres may reflect an inflated level of immunity by assessing a population rather than the antibody status of individuals within the population.
Intrauterine deposition of calcium on copper-bearing intrauterine contraceptive devices Summary Copper-bearing intrauterine contraceptive devices (IUDs) removed after various times in utero were examined by scanning electron microscopy and x-ray microanalysis of the elements present. As time in utero increased these devices became increasingly calcified. This calcification may limit the release of copper from the devices and decrease the specific contraceptive effectiveness of copper over an inert plastic device. Conversely, any teratogenic effects attributable to the copper may decrease with time in utero and depend on the extent of calcification.
Even though the amount of copper in the device is not significantly diminished after two years, devices should not remain in situ for over two years because calcium accumulation probably prevents further diffusion of copper. Calcification can begin as early as six months after insertion. Consequently a careful review of the amount of time a copper-containing IUD should be left in situ should be undertaken. reduce side effects.' Available data seemed to indicate an inverse relation between the surface area of the copper and the pregnancy rate.2 It is not known how plastic IUDs work, although it has been suggested that they somehow prevent implantation of a fertilised ovum by direct local action on the endometrium. The decrease in pregnancy rate when copper is added suggests an additional contraceptive effect, possibly related to toxic effects on sperm, ovum, and embryo; the effect of copper on endometrial biochemical pathways, thus disturbing implantation; or local inflammatory responses with macrophage stimulation, leucocyte infiltration, and changes in cervical mucus.3 4 Copper released from these devices significantly increases copper concentrations in the intrauterine fluid in the first 12 months, but it does not increase serum copper or caeroplasmin concentrations.5 6 Hagenfeldt5 found a linear relation between the release rate of copper and the duration of use of the device over the first year. On the graph, however, the line did not pass through the origin, which suggests that there is a higher release rate during early cycles of IUD use. Copper concentrations in the proliferative endometrium were increased during the first three cycles but not thereafter, and the copper concentration of the cervical mucus also increased considerably during the first six treatment cycles, especially during the proliferative phase. The enhanced contraceptive efficiency of the copper IUDs compared with inert plastic IUDs is greatest in this initial period. Hagenfeldt there is less than a critical amount of copper led us to extend our investigations of copper levels in embryos and fetuses conceived in the presence of IUDs to a study of the devices themselves. If there is a link between copper diffusion rates and conception the amount of copper released at different times might also affect any teratogenic influence of the copper. We studied copper IUDs removed at family planning clinics, and it became apparent that there were profound changes in the IUDs. Gupta et all has described the finely granular and irregular moth-eaten appearance of copper IUDs (thought to be due to the effects of copper erosion) and the presence of macrophages, spindle cells, fibroblasts, and giant cells. We used scanning electron microscopy and x-ray microprobe analysis to examine the irregular surface more closely.
Introduction

Methods
Copper 7 (Gravigard) IUDs were removed from patients during routine visits to family planning clinics. Reasons for removal were: (a) the patient wanted to become pregnant; (b) bleeding or pain, or both, or other medical reasons; (c) routine removal after two to three years' use, based on the suggestion of Tatum.7 We thus collected IUDs that had been in utero for varying lengths of time. Some unused IUDs were also studied.
Sterile Sterilin plastic containers were filled with 30 ml of Ham's F10 medium with HEPES buffer supplemented with 50 units/ml penicillin and 50 tg/rml streptomycin. The copper 7s were placed in the containers immediately after removal and transported to the laboratory for processing. The patient's code number and the dates of insertion and removal of the device were recorded on the container. The copper 7 is made of inert plastic (polypropylene and polyethylene copolymer) with added barium sulphate and copper wire, 0 203 mm in diameter, wound round the vertical limb to give a total surface area of 200 un2 of copper.
Each IUD was examined in the hydrated state with the inverted light microscope. The copper-wound arm was divided into three portions to enable us to study surface morphology and topography, analyse the elements present in intact coils, and measure the diameter and elemental distribution from cross sections.
The portion of IUD for surface topography was transferred from medium to 25°,, cacodylate-buffered gluteraldehyde for at least 18 hours, washed in cacodylate buffer, and post-fixed in 100 osmium tetroxide. Dehydration was carried out using graded acetone, and, finally, the sample was critical-point dried from liquid CO2. This portion of IUD was mounted on an aluminium stub and coated with a 500-A layer of gold in a Polaron Sputter Coater.
The remaining two portions for cross-sectional measurements of diameter and elemental analyses were allowed to air-dry. One portion was mounted intact on an aluminium stub and the other portion was embedded in Araldite, allowed to polymerise at 60°C, and cut down the middle to expose the copper wire in cross-section. To obtain a flat surface the blocks were finally trimmed using glass knives in an ultramicrotome. Each part of the device for elemental analysis was coated with carbon in an AEI coating unit using a Polaron Rota Cota.
All specimens were examined in a Cambridge S180 scanning microscope fitted with a Link x-ray microanalyser system. The specimen height angle of tilt, and the position of the detector were held constant during x-ray microanalysis. The specimen current used was 2-0 x 10-9 A at a beam energy of 30 keV.
Results
Light microscopy-The unused copper 7s had the shining appearance of metallic copper and regular unmarked copper wire coils.
IUDs that had been in situ for a few months looked little different from the unused IUDs. Devices that had been in situ for longer showed varying degrees of encrustation on the copper wire, which was blackened. IUDs that had been in situ for two years or more had blackened coils with considerable encrustation proceeding to the state where individual turns of the copper wire were obscured.
Morphology and surface topography on scanning electron microscopyThe surface topography of the portion of the IUDs that had been critical-point dried showed amounts of cellular and amorphous material which increased with the time the device had been in situ. An X-ray microprobe analysis (elemental analysis)-This was carried out on the portion of the coil that had been air-dried and carboncoated. X-ray analysis was made of three or four areas (measuring 135 si) on each device, and all these regions were counted for two minutes live time. The x-ray energy spectra of the elements present were drawn with an X-Y plotter, and integral counts of each of these areas were obtained. Fig 2 shows the spectra of the IUDs whose surface topography was shown in fig 1 a and b , together with spectra of two other devices that had been in situ for four and 22 months and showed the effect of progressive calcification. Fig 3 shows 1 f) shows that the deposit round the copper wire consists mainly of calcium. In contrast, the elemental distribution for copper (fig 1 e) shows all the copper to be concentrated in the central core with none detectable in the outer calcium layer.
Discussion COPPER DIFFUSION AND CALCIFICATION
The cross-sections of the IUDs showed wide variations in the amount of calcium deposited on the surface of the copper wire. Devices with a thick layer of calcium had central cores of copper with diameters about 200 ,um, which is almost the same as that of the unused copper wire. These devices had only a shallow erosion layer, while those devices with a much thinner calcium layer had much deeper erosion into the copper wire. This indicates that the calcium layer prevents copper diffusion.
Our results show that calcification occurs progressively, and Gibor's data indicate that the rate of release of copper decreases with time. 9 He found that the maximum release of copper (56-5 ,ug/day) was achieved within two months of the insertion of a copper 7. At 12 months this figure was reduced to ,tg/ day and at 21 months the device was releasing only [8] [9] pg/daya sixfold reduction in copper loss over 22 months. Hagenfeldt More recently Hernandez et all, found that the subcellular distributions of trace metals in the human secretory endometrium were changed in the presence of copper IUDs. The sustained release of copper in utero induced significant increases in the magnesium, copper, and calcium concentrations and a decrease in zinc concentrations in women who had been wearing IUDs for six to 10 months. These findings support the idea that the effectiveness of copper may be associated with its cationic antagonistic action, in which zinc is displaced by copper from its specific binding sites. Moreover, these findings also show that even as early as 6-10 months after insertion of the device endometrial concentrations of all trace elements except calcium come to equilibrium with the tissue concentrations of the elements but there is a significant retention of calcium.
After progressive calcification of the wire has occurred no copper can be detected in the intact older specimens, but, as seen in the cross-section (fig 1 e) , the copper wire is still present with virtually no change in its diameter. When calcium deposition is heavy large amounts of copper are still present, but diffusion through the calcium layer is greatly reduced.
X-ray microanalysis of the intact devices detects elements in the superficial layer only to a depth of a few micrometers. This is determined by the energy of the electrons and the absorption of the emitted x-rays. In our studies the electron energy remained the same (30 keV) and the progressive reduction of copper with time in situ was due to the increasing thickness of the calcium layer. The Chlon Cacium eV 10240 eV sulphate), but these devices were not wound with copper wire. This report must be viewed in the context that limb reduction deformities occur in about 1 in 5000 of live births.
We have seen several cases of spontaneous abortion occuring after conception in the presence of an IUD. One such case was an anencephalic fetus of 11 weeks' gestation. As anencephaly and spina bifida are present in about 500 of the spontaneously aborted fetuses we see, 20 the importance of our observation must be tested in larger series of pregnancies occurring with IUDs in situ. Our finding of progressive calcification suggests, however, that any teratogenic effects attributable to copper may be limited to the precalcification period. Nevertheless, despite the reassuring experimental work on rodents and human tissue cultures,21 it is unrealistic on the available evidence to dismiss the possibility of a teratogenic effect from a retained intrauterine device. More information is urgently needed on the outcome of pregnancies complicated by the presence of IUDs.
FUTURE STUDIES
New types of IUD, such as those that depend on the sustained release of progesterone, are being developed. In view of the calcium deposition that may occur the efficiency of such IUDs should be carefully evaluated. A study of drug or copper levels in the cervical mucus while the device is still in situ would be a simple and accurate way of indicating whether the substance was still being released. It might also detect women in whom the deposition of calcium is particularly rapid. Possibly conception in the presence of an IUD that releases metal or a drug is more common in women who suffer rapid calcification.
